Genetic testing in hereditary cancer syndromes
Results from the prospective EMBRACA study demonstrated that affected patients with relevant BRCA1 and BRCA2 mutations carry a lifetime cumulative risk of 60% and 55% to develop breast cancer, respectively [1] . Besides BRCA 1/2, mutations in several other genes that are associated with an increased risk of developing breast cancer have been identified. These include p53, PTEN, CDH1, and PALB2 [2] . Affected patients may be entitled to participate in intensified high-risk screening programs and prophylactic surgery. These developments have contributed to an increased demand for genetic testing. Recent technical advances and cost efficacy of next generation sequencing (NGS) aid the large-scale implementation of high-throughput molecular diagnostics to identify patients at risk. NGS methods provide through the simultaneous testing of multiple genes robust and timely results. Especially the detection of large genomic rearrangements (LGR) is warranted by NGS methods in comparison to Sanger sequencing [2] . However, for most of these genes, variants of unknown clinical significance exist that should be considered in the applied guidelines. The interpretation of results should also take family history of cancer into consideration. Recent challenges include interpreting complex sequencing data, whereas some results may require confirmation by Sanger sequencing. Another difficulty is posed by the testing of tumor samples for BRCA 1/2 mutations, as a germline mutation cannot be confirmed from these samples and certain types of large genomic rearrangements might be missed.
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Transcriptome-based multigenomic assays in early luminal breast cancer
Immunohistochemically defined prognostic and predictive markers, such as estrogen-(ER) and progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) and the proliferation marker Ki67 still govern the therapy recommendation in early breast cancer in many cases [3] . However, the discovery that these characteristics are mirrored by welldefined patterns in gene expression allowed a further precision of prognostication and facilitated the development of transcriptome-based multigenomic assays that correlate well with pathological markers but still provide independent prognostic and in some instances, predictive information [4, 5] . Especially in ER-positive luminal-type early breast cancer, additional prognostic information is often required to provide patients with a valid and effective therapy recommendation. Whereas endocrine therapy is offered for most patients with luminal breast cancer, only a subset of patients derives clinical benefit from adjuvant chemotherapy. Whereas patients with lowproliferative luminal A disease do not benefit from the addition of adjuvant chemotherapy to endocrine therapy, adjuvant chemotherapy should be offered to patients with more aggressive and highly proliferative luminal B disease [6] . Although luminal A and B disease might be identified by immunohistochemical markers, especially by the proliferation marker Ki67, determination is subjected to significant inter-and intraobserver variability that impair objective and reproducible measurements [7] . Quantitative analysis of the RNA expression of several relevant genes of luminal tumors might capture tumor biology in a more accurate and reproducible way. Commercially available multigenomic assays are able to discriminate luminal A from luminal B biology and provide patients with a clinically valid therapy recommendation.
Most frequently applied multigenomic platforms include the 21-gene Oncotype Dx recurrence score [8] , the 70-gene MammaPrint assay [9] , the 12-gene Endopredict assay [10] and the PAM50 risk of recurrence score [11] . Multigenomic assays of the first generation, namely Oncotype Dx and MammaPrint assess mostly tumor proliferation, while tests of the second generation, Endopredict and PAM50 also measure genes of ER signaling. Whereas all of these tests were retrospectively validated on tumor material collected from prospective randomized clinical trials [12] , the clinical validity of Oncotype Dx and MammaPrint was also confirmed in prospective randomized trials.
The TAILORx study included women with ER-positive, node-negative breast cancer. Treatment choice was stratified by the Oncotype Dx recurrence score [13] . Patients with recurrence scores between 11 and 25 were randomized to receive endocrine therapy alone versus adjuvant chemo-and endocrine ther-apy. Study results demonstrated that these patients derived no benefit from the addition of chemotherapy. However, for women younger than 50 years and tumors with recurrence scores between 16 and 25, chemotherapy was associated with an improved survival. Further studies are needed to confirm these results and whether this benefit is in fact caused by ovarian function suppression in premenopausal patients by chemotherapy.
Clinical utility of the MammaPrint assay was confirmed by the prospective randomized MINDACT trial [14] . In this phase III study, 6693 patients with early stage breast cancer were enrolled. Genomic risk was determined by MammaPrint and clinical risk was estimated by a modified version of Adjuvant! Online. Patients with discrepant genomic and clinical risk were randomized to receive endocrine therapy alone versus adjuvant chemo-and endocrine therapy. Neither patients with low clinical risk/high genomic risk nor those with high clinical risk/low genomic risk derived significant benefit from adjuvant chemotherapy. Interestingly, molecular subtyping of these tumors by MammaPrint/BluePrint identified more luminal A tumors than centrally reviewed pathological subtyping by ER, PR, HER2 and Ki67, with comparable clinical outcome [15] . Further studies should clarify if selected patients with low-risk HER2-positive luminal tumors can be spared adjuvant chemotherapy.
Several studies demonstrated that assays of the second generation, PAM50 and Endopredict are also able to predict late tumor recurrence beyond 5 years [16, 17] . Analysis of the involved genes in the Endopredict assay revealed that mainly genes associated with ER signaling contributed to the additional prognostic information regarding late relapses. These results suggest that such tumors might respond well to an extended endocrine therapy regime. Prospective studies to confirm these hypotheses are warranted.
Although sufficient data support the use of multigenomic assays to guide therapy decisions in early breast cancer, the concordance between different platforms is moderate at best, as shown by the results of the OPTIMA prelim trial [18] . In this study, risk stratification was performed by several different platforms such as Oncotype Dx, PAM50, MammaPrint, Mam-maTyper and IHC4. The five assays displayed modest agreement, as only 39.4% of tumors were uniformly assigned to the high versus low/intermediate risk group. Although previous studies suggest that the prognostic information provided by multigenomic assays is comparable, test results of different platforms might be unsettling for the individual patients. However, increasing implementation of multigenomic assays is expected to decrease the rate of adjuvant chemotherapy for the treatment of early luminal breast cancer.
Molecular profiling in breast cancer-ready for clinical routine? K short review
Molecular profiling of advanced breast cancer
Despite the technological advances, little data supports the routine use of large-scale genomic testing of tumors in advanced breast cancer. Results of the first clinical trials have been disappointing, as in spite of the presence of targetable mutations in a majority of enrolled patients, only 11% had actually been treated according to their molecular tumor profile [19] . However, for selected mutations, evidence from clinical trials supports the use of genomic profiling. PIK3CA mutations represent one of the most frequent genetic aberrations in luminal breast cancer and were shown to be associated with a favorable prognosis. However, PIK3CA-mutated HER2-positive breast cancer was demonstrated to be associated with worse prognosis [20] . The frequency of these mutations and the biological relevance of the pathway render PIK3CA a promising therapy target. However, first clinical trials using broad-spectrum pan-PIK3CA inhibitors, such as buparlisib demonstrated a relatively high risk of therapy-related adverse events (hyperglycemia, diarrhea, rash, transaminitis, mood disorders), that limit therapy efficacy due to frequent discontinuation of use [21] . In contrast, isoform-specific inhibitors can overcome these limitations and reach a broader therapeutic range.
Alpelisib is a p110α-isoform specific oral PIK3CA inhibitor. Results from the SOLAR I trial point out that tumors carrying PIK3CA mutations benefit from treatment with Alpelisib in combination with fulvestrant [22] . Clonal analyses revealed that PIK3CA mutations remain fairly constant between primary tumor and metastasis, meaning that testing of the primary tumor is feasible for therapy indication.
For several other mutations, tumor heterogeneity and genomic evolution in the course of tumor progression have been proven. Mutations of Estrogen Sensing Receptor 1 (ESR1) are shown to emerge in metastases compared to primary tumors and seem to contribute to resistance to endocrine therapy [23] . Whether testing for ESR1 mutation will be part of future routine molecular profiling protocols remains to be determined.
Approaches of synthetic lethality facilitated the development of PARP inhibitors for the treatment of BRCA mutated breast cancer. To date, two substances, olaparib and talazoparib have been approved by the FDA for the treatment of metastatic breast cancer in patients with germline BRCA mutations, based on results of the OlympiAD and EMBRACA trials [1, 24] . Therefore, genetic testing of all patients with metastatic breast cancer should be considered as germline BRCA mutations have been found in approximately 5% of breast cancers.
A novel NTRK inhibitor, larotrectinib has shown activity against advanced secretory breast carcinoma, a rare special subtype of TNBC, which harbor an ETV6-NTRK3 gene fusion [25] .
Patients with HER2 and HER3 mutations in the absence of HER2 amplification might be promising candidates for a targeted therapy with the kinase inhibitor neratinib [26] .
Besides the above-mentioned genes, several large scale genomic test panels as well as tests for quantifying the overall mutational burden for breast cancer exist; however, evidence for clinical utility of these panels is controversial.
ctDNA analysis and liquid biopsy
Current research is exploring the prognostic and predictive role of circulating tumor cells (CTC) and circulating cell-free circulating DNA (ctDNA) from blood plasma as well as tumor-derived exosomes, which were also shown to mirror molecular tumor characteristics [27, 28] . Mutations found in these liquid biopsies might reflect intratumoral heterogeneity, mutational shifts, epigenetic changes and clonal evolution in a more accurate way than samples from the primary tumor or isolated metastases [29] . Dynamic changes in the mutations detected might facilitate early detection of the development of resistance mechanisms and point to innovative approaches of personalized cancer therapy. Driver mutations, i.e. of TP53, PIK3CA and ESR1 can be detected in circulating tumor cells (CTC) as well as using ctDNA and have been shown to possess prognostic value and in some cases, these mutations were predictive of therapy resistance [30] [31] [32] [33] . Liquid biopsies are likely to become an additional diagnostic tool that could aid personalized cancer therapy.
Take home message
In hereditary breast cancer, in addition to BRCA 1/2, further gene mutations can be identified by NGS that are associated with an increased lifetime risk of developing breast cancer mRNA-based multigenomic assays are useful in aiding adjuvant therapy decisions Detection of targetable mutations of BRCA 1/2, PIK3CA and NTRK pose novel indications for biological therapies in advanced breast cancer Liquid biopsies that analyze circulating tumor cells, circulating cell-free DNA and tumor cell exosomes open new diagnostic and therapeutic possibilities that account for tumor heterogeneity in a more adequate way Funding Open access funding provided by Medical University of Vienna.
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